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REDUCING HANDOVER FREQUENCY ERROR 

FIELD 

[0001] The invention relates to wireless communications and, more particularly, to 
frequency tracking in a wireless communication system. 

BACKGROUND 

[0002] Wireless communication systems are widely deployed to provide various types 
of communication, such as voice and data communications. These systems may be based 
on a variety of modulation techniques, such as frequency division multiple access 
(FDMA), time division multiple access (TDMA), and various spread spectrum 
techniques. One common spread spectrum technique used in wireless communications is 
code division multiple access (CDMA) signal modulation. In CDMA, multiple 
communications are simultaneously transmitted over a spread spectrum radio frequency 
(RF) signal. Some example wireless communication devices (WCDs) that have 
incorporated CDMA technology include cellular radiotelephones, PCMCIA cards 
incorporated within portable computers, personal digital assistants (PDAs) equipped with 
wireless communication capabilities, and the like. A CDMA system provides certain 
advantages over other types of systems, including increased system capacity. 
[0003] A CDMA system may be designed to support one or more CDMA standards 
such as (1) the "TIA/EIA-95-B Mobile Station-Base Station Compatibility Standard for 
Dual-Mode Wideband Spread Spectrum Cellular System" (the IS-95 standard), (2) the 
standard offered by a consortium named "3rd Generation Partnership Project" (3GPP) 
and embodied in a set of documents including Document Nos. 3G TS 25.211, 3G TS 
25.212, 3G TS 25.213, and 3G TS 25.214 (the W-CDMA standard), (3) the standard 
offered by a consortium named "3rd Generation Partnership Project 2" (3GPP2) and 
embodied in a set of documents including "C.S0002-A Physical Layer Standard for 
cdma2000 Spread Spectrum Systems," the "C.S0005-A Upper Layer (Layer 3) Signaling 
Standard for cdma2000 Spread Spectrum Systems," and the "C.S0024 cdma2000 High 
Rate Packet Data Air Interface Specification" (the cdma2000 standard), and (4) some 
other standards. 
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[0004] Other wireless communication systems may use different modulation 

techniques. For example, GSM systems use a combination of TDMA and FDMA 

modulation techniques. These techniques are also used in other systems related to GSM 

systems, including the DCS1800 and PCS1900 systems, which operate at 1.8 GHz and 

1.9 GHz, respectively. 

[0005] Some communication systems are not yet widely deployed. For example, costs 
associated with deploying W-CDMA systems have generally limited the coverage of 
such systems to large cities. For such systems, it is desirable to use a secondary 
communication system to provide coverage in areas in which there is no W-CDMA 
coverage. For instance, W-CDMA systems often use a network of GSM carriers to fill in 
gaps in coverage areas. Other systems may use different secondary communication 
systems, such as IS-95 networks. 

[0006] When a WCD is in a W-CDMA call and the W-CDMA signal becomes weak, 
the WCD may perform a handover to a GSM carrier. For example, a handover from W- 
CDMA to GSM typically occurs when the WCD leaves an area with W-CDMA 
coverage. The handover decision may be based on a number of handover measurements, 
including, for example, received signal code power (RSCP), signal-to-interference ratio 
(SIR), or a received signal strength indicator (RSSI). The WCD may perform handover 
measurements in a compressed mode in which the downlink transmission contains 
breaks. During these breaks, the WCD may monitor one or more GSM carriers by 
obtaining GSM signal strength measurements. Under appropriate circumstances, the 
WCD switches the call to a selected GSM carrier until the WCD enters an area with W- 
CDMA coverage, at which point the WCD switches the call back to the W-CDMA 
system. 

[0007] In CDMA, GSM, and other wireless communication technologies, frequency 
tracking loops are often used to monitor the frequency of received signals and adjust the 
signals accordingly. In particular, frequency errors or variations often exist in the carrier 
signals received over forward or reverse links of the system. A forward link, sometimes 
referred to as a downlink, refers to a signal sent from the base station to a wireless 
communication device. A reverse link, sometimes referred to as an uplink, refers to a 
signal sent from the WCD to the base station. 
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[0008] There are generally two main causes of the errors that can contribute to 
unwanted frequency variation of a carrier signal. One relates to what is commonly 
known as the Doppler effect or Doppler shift. The Doppler effect manifests as a change 
in the frequency of a received signal due to a relative velocity between the transmitter 
and the receiver. For example, if a WCD is moving away from the base station as it 
transmits a signal over the reverse link, the base station receiver will receive a signal that 
has a lower frequency, i.e., a longer wavelength, than the transmitted signal. Conversely, 
if the WCD is moving toward the base station as it transmits, the base station receiver 
will receive a signal that has a higher frequency, i.e., a shorter wavelength, than the 
transmitted signal. Because WCDs are often used within vehicles or high speed transit 
systems, correcting for Doppler shifts can be an extremely important factor in 
maintaining a robust and effective wireless communication system. 
[0009] Another cause of error that can contribute to unwanted frequency variation 
relates to variations between local clocks of the various devices in the wireless 
communication system. Each device in the system typically produces carrier signals 
using a frequency synthesizer that uses the local clock of the device as its timing device. 
Each local clock, however, typically has an unknown timing error. WCDs often employ 
relatively low-cost local clocks, such as voltage-controlled, temperature-compensated 
crystal oscillators (VCTCXOs). These local clocks can introduce significant frequency 
errors in the carrier signal. 

[0010] Frequency tracking loops correct for frequency errors by estimating the 
frequency errors and adjusting the frequency of received signals. For example, a 
frequency discriminator can be used to compute an estimate of the frequency error. The 
frequency discriminator calculates residual frequency errors and continuously 
accumulates the residual frequency errors to estimate the actual frequency error. A 
rotator then uses the accumulated estimate to adjust the frequency of the received signal 
accordingly, thus reducing the residual frequency error. The residual frequency error 
eventually converges to approximately zero, such that the accumulated estimate is 
approximately equal to the actual frequency error. In this manner, a feedback loop can 
correct for frequency errors in a received carrier signal. 
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SUMMARY 

[0011] In general, the invention facilitates reducing frequency errors during transitions 
between wireless communication systems by using frequency estimation information 
from one system, e.g., a W-CDMA system, when transitioning to another system, such as 
a GSM system. For example, in some embodiments, frequency error or offset 
information obtained when a WCD is in the W-CDMA system is translated into a 
corresponding frequency error in the GSM system, thereby allowing the WCD to operate 
in the GSM mode with reduced frequency error during initial iterations of the frequency 
tracking loop. 

[0012] The invention may offer a number of advantages. By reducing frequency errors 
during the initial iterations of the frequency tracking loop, convergence to the correct 
error correction value can be achieved more quickly. With the frequency estimation 
information in the W-CDMA system used in transitioning to the GSM system, for 
example, the frequency error between a W-CDMA base station and a GSM base station 
may be reduced to the relative frequency drift between the two base stations. As a result, 
acquisition time in the GSM system may be significantly reduced. Further, GSM 
operations may be simplified by avoiding some of the processes that might otherwise be 
involved in acquiring a GSM signal. In addition, the frequency estimation results 
reported by the GSM receiver to the W-CDMA base station may be made more reliable, 
thereby improving call quality. 

[0013] In one embodiment, the invention is directed to a frequency tracking method. 
Frequency estimation information is obtained from a first wireless signal received from a 
first carrier. A handover to a second carrier is performed in which the frequency 
information is used to configure a frequency tracking loop for receiving a second wireless 
signal from the second carrier. 

[0014] The invention may be implemented in software, hardware, firmware, or any 
combination thereof. If implemented in software, the invention may be directed to a 
computer readable medium carrying program code, that when executed, performs one or 
more of the methods mentioned above. 

[0015] An example hardware embodiment is an apparatus that includes a first receiver 
to receive a first signal from a first carrier. The first receiver includes a first frequency 
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tracking loop to obtain frequency estimation information relating to the first signal. A 

second receiver receives a second signal from a second carrier. The second receiver 

comprising a second frequency tracking loop to obtain frequency estimation information 

relating to the second signal as a function of the frequency estimation information 

relating to the first signal. 

[0016] Additional details of various embodiments are set forth in the accompanying 
drawings and the description below. Other features, objects and advantages will become 
apparent from the description and drawings, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] FIG. 1 is a block diagram illustrating a wireless communication system 
according to the invention. 

[0018] FIG. 2 is a block diagram depicting an example implementation of a WCD, 
according to an embodiment of the invention. 

[0019] FIG. 3 is a block diagram illustrating example hardware for implementing a 
frequency tracking technique, according to an embodiment of the invention. 
[0020] FIG. 4 is a block diagram illustrating example hardware for implementing 
various aspects of the invention within a RAKE receiver. 

[0021] FIG. 5 is a flow diagram illustrating an example frequency tracking technique, 
according to another implementation of the invention. 

DETAILED DESCRIPTION 
[0022] In the description below, various embodiments of the invention are described in 
the context of a wireless signal transmitted over a forward link, such as from a base 
station to a wireless communication device (WCD). The invention may involve 
frequency tracking of signals received by the WCD. 

[0023] FIG. 1 is a block diagram illustrating an example spread spectrum wireless 
communication system 2, in which base stations 4 transmit signals 12-14 to WCDs 6 via 
one or more paths. In particular, base station 4A transmits signal 12A to WCD 6A via a 
first path, as well as signal 12C, via a second path caused by reflection of signal 12B 
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from obstacle 10. Obstacle 10 may be any structure proximate to WCD 6A such as a 
building, bridge, car, or even a person. 

[0024] Base station 4A also transmits signal 13A to WCD 6B via a first path from base 
station 4A, as well as signal 13C via a second path caused by reflection of signal 13B 
from obstacle 10. In addition, base station 4A transmits signal 14A to WCD 6C. WCDs 
6 may implement what is referred to as a RAKE receiver to simultaneously track the 
different signals received from different base stations and/or from the same base station 
but via different paths. System 2 may include any number of WCDs and base stations. 
For example, as illustrated, another base station 4B receives signal 13D from WCD 6B. 
In addition, base station 4B receives signal 14B from WCD 6C. 

[0025] System 2 may be designed to support one or more CDMA standards including, 
for example, (1) the "TIA/EIA-95-B Mobile Station-Base Station Compatibility Standard 
for Dual-Mode Wideband Spread Spectrum Cellular System" (the IS-95 standard), (2) the 
"TIA/EIA-98-C Recommended Minimum Standard for Dual-Mode Wideband Spread 
Spectrum Cellular Mobile Station" (the IS-98 standard), (3) the standard offered by a 
consortium named "3rd Generation Partnership Project" (3GPP) and embodied in a set of 
documents including Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 
3G TS 25.214 (the W-CDMA standard), (4) the standard offered by a consortium named 
"3rd Generation Partnership Project 2" (3GPP2) and embodied in a set of documents 
including "TR-45.5 Physical Layer Standard for cdma2000 Spread Spectrum Systems," 
the "C.S0005-A Upper Layer (Layer 3) Signaling Standard for cdma2000 Spread 
Spectrum Systems," and the "C.S0024 CDMA2000 High Rate Packet Data Air Interface 
Specification" (the CDMA2000 standard), (5) the HDR system documented in TIA/EIA- 
IS-856, "CDMA2000 High Rate Packet Data Air Interface Specification, and (6) some 
other standards. In addition, system 2 may be designed to support other standards, such 
as the GSM standard or related standards, e.g., the DCS 1800 and PCS 1900 standards. 
GSM systems employ a combination of FDMA and TDMA modulation techniques. 
System 2 may also support other FDMA and TDMA standards. 

[0026] The various base stations in system 2 may each support different standards. For 
example, base station 4A may transmit signals according to the W-CDMA standard, 
while base station 4B may transmit signals according to the GSM standard. Some base 
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stations may support multiple standards. For instance, base station 4A may support both 
the W-CDMA and GSM standards, as well as other standards, such as the IS-95 standard. 
As described above, costs associated with implementing W-CDMA have generally 
limited W-CDMA coverage to large cities. Thus, a typical system 2 has a greater 
coverage area for GSM carriers than for W-CDMA carriers. Accordingly, system 2 may 
use GSM carriers to provide coverage in areas that lack W-CDMA coverage. 
[0027] For example, when WCD 6A is in a W-CDMA call, WCD 6A may obtain 
measurements of W-CDMA signal strength from base station 4A, as well as of GSM 
signal strength from base station 4B. WCD 6 A may perform the GSM signal strength 
measurements during breaks in the downlink transmission in compressed mode. The 
measurements may include, for example, received signal code power (RSCP), signal-to- 
interference ratio (SIR), or a received signal strength indicator (RSSI). 
[0028] When these handover measurements indicate that WCD 6A is leaving the 
coverage area of base station 4A, WCD 6A may perform a handover to a GSM carrier, 
e.g., to base station 4B. WCD 6A may subsequently perform another handover when 
WCD 6A enters the coverage area of a base station that supports W-CDMA. 
[0029] When WCD 6A performs a handover from a W-CDMA carrier to a GSM 
carrier, a significant frequency error may be present on the GSM signal. According to 
various embodiments of the invention, WCD 6A applies frequency estimation 
information, e.g., frequency error information, obtained in the W-CDMA mode when 
WCD 6A switches to GSM mode, thereby allowing WCD 6A to operate in the GSM 
mode with reduced frequency error immediately after the handoff. In other words, the 
residual frequency error in the frequency tracking loop in the receiver of WCD 6A does 
not start at zero. Rather, the residual error has an initial value so that the frequency 
tracking loop will converge to the correct frequency error correction value more quickly. 
As a result, acquisition time in the GSM system may be significantly reduced. In 
addition, frequency estimation results reported by the GSM receiver to the W-CDMA 
base station may be made more reliable, thereby improving call quality. 
[0030] WCDs 6 may be implemented as any of a variety of wireless communication 
devices, such as, for example, a cellular radiotelephone, a satellite radiotelephone, a 
PCMCIA card incorporated within a portable computer, a personal digital assistant 
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(PDA) equipped with wireless communication capabilities, and the like. Base stations 4 

(sometimes referred to as base transceiver systems, or BTSs) are typically connected to a 

base station controller (BSC) 8 to provide an interface between base stations 4 and a 

public switched telephone network 13. 

[0031] FIG. 2 is a block diagram depicting an example implementation of WCD 6, 
according to an embodiment of the invention. WCD 6 is designed to support multiple 
wireless standards or designs, including, for example, the GSM and W-CDMA standards. 
A RAKE receiver 20 and a searcher 22 are used to receive and transmit signals according 
to the W-CDMA standard. RAKE receiver 20 incorporates a frequency tracking loop 24 
that estimates frequency error and adjusts the signal frequency of W-CDMA signals 
received by WCD 6. In some embodiments, frequency tracking information, e.g., the 
estimated frequency offset, is provided to a frequency tracking loop 26 in a GSM receiver 
28 to adjust the signal frequency of GSM signals received by GSM receiver 28 when 
WCD 6 performs a handover from a W-CDMA carrier to a GSM carrier. 
[0032] As described below in connection with FIG. 4, various aspects of the invention 
may be implemented in frequency tracking loop that incorporates rotators in a number of 
demodulation fingers, as well as a voltage-controlled, temperature-compensated crystal 
oscillator (VCTCXO). The estimated frequency offset is applied to the VCTCXO, which 
adjusts received signals according to the estimated frequency offset, and may also be 
applied to the rotators in each demodulation finger. 

[0033] FIG. 3 is a block diagram illustrating example hardware for implementing 
various aspects of the invention. The hardware of FIG. 3 is described as forming part of 
RAKE receiver 20 of FIG. 2 to estimate frequency error and adjust the signal frequency 
of signals received by WCD 6. As shown in FIG. 3, hardware of WCD 6 may include a 
transmitter/receiver (transceiver) 32 coupled to an antenna 30. When antenna 30 receives 
an incoming RF signal, transceiver 32 conditions the received signal and passes the 
conditioned signal to a rotator 34. Conditioning the received signal may involve, for 
example, filtering, amplifying, and digitizing the received signal. Rotator 34 then adjusts 
the frequency of the signal to account for frequency errors caused, for example, by 
variations in local clocks and Doppler shifts. Rotator 34 forms part of a frequency 
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tracking loop and uses an estimated frequency error to adjust received signals 
accordingly. 

[0034] After rotator 34 adjusts the frequency of the received signal, the signal is sent to 
a demodulator 36. Demodulator 36 demodulates individual chips of the signal, e.g., by 
despreading PN codes and decovering orthogonal codes for each chip. Demodulation 
results are then grouped into control symbols by a symbol generator 38, which then 
passes the control symbols to a digital signal processor (DSP) 40 for symbol 
demodulation and data recovery. 

[0035] The control symbols are also sent to a frequency discriminator 42, which 
estimates the error associated with the received signal using the control symbols. For 
example, frequency discriminator 42 may estimate the residual frequency error by cross- 
multiplying and accumulating symbols or sets of symbols to determine the phase 
difference between successive symbols. 

[0036] Frequency discriminator 42 may issue a command to rotator 34 to adjust the 
frequency of the received signal according to an appropriate frequency offset. 
Alternately, rotator 34 may access frequency discriminator 42 to obtain the proper 
frequency adjustment. In either case, the frequency offset is also provided to frequency 
tracking loop 26 of FIG. 2. In addition, a voltage-controlled, temperature-compensated 
oscillator (VCTCXO) may also use the frequency offset to adjust the frequency of 
received signals, as described below in connection with FIG. 4. When WCD 6 performs 
a W-CDMA to GSM handover, frequency tracking loop 26 adjusts the frequency of a 
received GSM signal according to the frequency offset obtained in the W-CDMA mode. 
[0037] FIG. 4 is a block diagram illustrating a portion of the hardware of WCD 6, 
according to another embodiment of the invention. In particular, FIG. 4 illustrates 
hardware that forms part of a RAKE receiver that includes a number of "fingers" 50 to 
track different signal paths. The different paths tracked by fingers 50 of the RAKE 
receiver may correspond to the signals sent from different sources, or a signal sent from 
the same source but having been reflected from one or more objects, i.e., a multi-path 
signal. Each finger 50 may include a demodulator, a symbol generator, and a frequency 
discriminator for extracting symbols from each signal path. In addition, each finger 50 is 
associated with a rotator 34 and a loop filter 52. For each finger 50, the associated loop 
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filter 52 estimates frequency offsets and causes the associated rotator 34 to adjust the 
frequency of received in-phase (I) and quadrature (Q) baseband signals. The frequency 
offsets are provided to an averager 54 and a loop filter 56 to provide a weighted average 
frequency offset to a VCTCXO 58. 

[0038] FIG. 5 is a flow diagram depicting an example frequency tracking technique 
that may be implemented by WCD 6. During a W-CDMA call, WCD 6 obtains 
frequency estimation information (60), such as frequency offset estimations. This 
frequency estimation information may originate from various demodulation components, 
such as RAKE receiver 20 of FIG. 2, and are tightly tuned. For example, fingers 50 of 
the RAKE receiver of FIG. 4 may generate frequency offsets that are used by the 
respective rotators 34A-34N for frequency adjustments. In addition, VCTCXO 58 may 
perform frequency adjustments as a function of the weighted average of the frequency 
offsets from fingers 50. 

[0039] In addition to obtaining frequency-offset estimations, WCD 6 also performs 
handover measurements (62) for available GSM carriers. WCD 6 may perform these 
measurements during breaks in the downlink transmission in compressed mode. The 
measurements may include, for example, received signal code power (RSCP), signal-to- 
interference ratio (SIR), or a received signal strength indicator (RSSI). Performing 
handover measurements in the compressed mode allows WCD 6 to obtain measurements 
for a GSM system while maintaining a call in the W-CDMA system. 
[0040] WCD 6 uses the handover measurements to determine when a W-CDMA to 
GSM handover should be made, e.g., when the received W-CDMA signal is weak, 
indicating that WCD 6 is leaving an area with W-CDMA coverage. When WCD 6 does 
perform a handover (64), WCD 6 also uses the handover measurements to select a 
particular GSM carrier, if multiple GSM carriers are available. 

[0041] Using conventional handover techniques, a handover may result in significant 
initial frequency errors present on the GSM signal and potential performance 
degradation. For example, the acquisition time involved in acquiring the GSM signal 
may be significantly increased. By contrast, according to the principles of the invention, 
WCD 6 applies the frequency estimation information, e.g., the estimated frequency 
offset, obtained in the W-CDMA mode when performing the handover (66). In 
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particular, the estimated frequency offset is translated to an equivalent frequency error in 

the GSM band and applied to the VCTCXO, to one or more rotators, or both to adjust the 

frequency of the received GSM signal. This translation may be achieved by first 

calculating the current frequency offset being applied in the W-CDMA system as a ratio 

of the ideal carrier frequency to the current frequency of operation and then using this 

ratio to convert the frequency offset for W-CDMA to the frequency offset for GSM. In 

addition, frequency corrections applied in W-CDMA due to slowly varying Doppler 

effects can be translated to the frequency correction to be applied in GSM. 

[0042] By applying the estimated frequency offset obtained in the W-CDMA mode to 

the GSM mode, the frequency error between the W-CDMA and GSM base stations may 

be reduced to the relative frequency drift between two base stations. As a result, the 

acquisition time involved in converging to the correct frequency offset in the GSM mode 

may be decreased significantly. 

[0043] When WCD 6 enters an area that has W-CDMA coverage, WCD 6 may perform 
a GSM to W-CDMA handover. Frequency estimation information may be applied to 
improve the reliability of results provided from GSM receiver 28 to the W-CDMA base 
station, thereby improving call quality. 

[0044] Various frequency tracking techniques have been described as being 
implemented in hardware. The techniques, however, could alternatively be implemented 
in software, firmware, or any combination of hardware and software. If implemented in 
software, the techniques may be embodied in program code initially stored on a 
computer-readable medium, such as a hard drive or magnetic, optical, magneto-optic, 
phase-change, or other disk or tape media. For example, the program code can be loaded 
into memory and then executed in a processor. Alternatively, the program code may be 
loaded into memory from electronic computer-readable media such as EEPROM, or 
downloaded over a network connection. If downloaded, the program code may be 
initially embedded in a carrier wave or otherwise transmitted on an electromagnetic 
signal. The program code may be embodied as a feature in a program providing a wide 
range of functionality. 

[0045] If the invention is implemented in program code, the processor that executes the 
program code may take the form of a microprocessor and can be integrated with or form 
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part of a wireless-enabled computer, a WCD, or the like. The memory may include 

random access memory (RAM) storing program code that is accessed and executed by a 

processor to carry out the various techniques described above. 

[0046] Example hardware implementations may include implementations within a 
DSP, an application specific integrated circuit (ASIC), a field programmable gate array 
(FPGA), a programmable logic device, specifically designed hardware components, or 
any combination thereof. 

[0047] In addition, various other modifications may be made without departing from 
the spirit and scope of the invention. For example, various other components such as 
digital filters can be implemented within the frequency tracking loop to improve 
performance. Further, while several embodiments have been described in the context of 
W-CDMA to GSM handovers, the principles of the invention can also be applied to GSM 
to W-CDMA handovers. The principles of the invention may also be applied to 
handovers between CDMA2000 and GSM systems. More generally, the invention may 
be implemented in handoffs from any system to any other system, such as a handoff 
between CDMA and TDMA systems, between CDMA and FDMA systems, between 
FDMA and TDMA systems, or between GSM and FDMA systems. Accordingly, these 
and other embodiments are within the scope of the following claims. 
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